Introduction
Hallux valgus (HV) is a common orthopaedic foot problem affecting the big toe, especially in women. It is characterized by a lateral deviation of hallux and medial deviation of the first metatarsal with subsequent bunion formation. Surgical correction is indicated for failure of nonoperative treatment of painful bunion and progression of hallux deformity affecting shoeing 1e5 . Different open soft tissue and bone surgeries were described with variable successful rate. The application of minimally invasive techniques in HV was not common because of the lack of scientific validation. However, satisfactory results were shown in recent studies. The application of these concepts was reported by P. Bosch et al in 1990 and popularised later by B Magnan & by Giannini et al.
The operation involved a linear osteotomy with precise execution and secure stabilisation of the osteotomy site with one Kirschner wire. Potential advantages include a smaller incision, a cost-effective fixation device, a shorter operating time, and an early weight bearing with little local complications.
Materials and Methods
From November 2005 to February 2010, 20 patients with painful bunion due to mild-to-moderate HV deformity were operated by using mini-incision to perform distal metatarsal osteotomy as described by P. Bosch. Three patients had bilateral operation done, making up a total of 23 feet. All the patients were operated by the same team of surgeons. Standing anteroposterior (AP) and Lateral X-rays were taken for radiological assessment. Radiographic criteria consisted of a HV angle of 40 and a first intermetatarsal (IM) angle of 20 . Patients with osteoarthritis of first metatarsophalangeal joint, hallux rigidus, previous surgery, peripheral vascular disease or uncontrolled diabetes were excluded.
Surgical techniques
The operation was performed with a minimally invasive technique under spinal or general anaesthesia. The surgical procedure was facilitated with the use a fluoroscopic image intensifier intraoperatively. 7 A 1e1.5 cm medial skin incision centred at the intended osteotomy site of the distal part of the first metatarsal bone was made under X-ray guidance (Figure 1 ). Sub-periosteal dissection was then performed to expose the metatarsal neck. Curve periosteal elevator was used to strip around the intended osteotomy site. A pair of small malleable retractors was inserted to protect the surrounding neuro-vascular bundles and tendons.
A 2.0-mm Kirschner wire (K-wire) was introduced firstly from the incision site in antegrade manner towards big toe pulp by tunnelling in the soft tissue close to the proximal phalanx to exit near the medial nail fold. The K-wire will be withdrawn until the proximal end touching the intended osteotomy site. By using the Xray screening guidance, a transverse osteotomy was then performed at the metatarsal neck slightly proximal to the sesamoid bones using an oscillating micro-saw. To guide the level and direction of osteotomy, the first metatarsal shaft coronal and sagittal axis were also used as reference for the bone cut. Orientation of osteotomy is perpendicular to the metatarsal shaft in the sagittal plane and parallel to the metatarsal shaft in the frontal plane. The subperiosteal dissection is mainly over dorsal, plantar, and medial side; the main blood supply on lateral side was preserved. The osteotomy was completed laterally by using a small chisel.
The distal bone segment was then laterally displaced with the help of a pair of small artery forceps. The space created during leverage allowed passage of K-wire in retrograde manner. The osteotomy site was then stabilised by means of the K-wire, which was inserted retrogradely up to the base of the medulla canal of the first metatarsal ( Figure 2 ). Derotation of the big toe was also performed manually to correct the pronated hallux.
Special care was taken not to create new fractures at the osteotomy site. We found that the passage of the K-wire was easier by slightly bending the proximal pin tip. We used Jacob chuck to control pin rotation and gently tapped its handle that facilitated the introduction of the intra-medullary K-wire. Additional soft tissue release like modified Mcbride procedure was not performed in our series.
Skin wound was closed with fine suture after confirming the K-wire position radiologically ( Figure 3A and B). To maintain the hallux correction, a 2-inch crepe bandage was used to wrap around the big toe and the bandage was also strapped around the second toe to give an additional control to the big toe rotation ( Figure 4A ). The distal tip of the K-wire was cut, bent, and capped.
Postoperatively, the patients were allowed to walk with a rigid sole short leg boot. The patients were discharged within 1e3 days postoperatively and followed up weekly. Heel walking was allowed in the first 2 weeks. When the pain was gradually reduced, forefoot partial weight-bearing walking was allowed. The K-wire was removed in 4e5 weeks, when clinical union had occurred. After the K-wire had been removed, full weight bearing walking exercise as tolerated was allowed. The patients were subsequently referred for mobilisation exercises of the big toe and were taught to perform bandaging to maintain the corrected position for 2e3 months ( Figure 4B ). Normal shoe wear could be used 6e8 weeks after the operation.
Clinical and radiological assessment
The Hallux-Metatarsophalangeal-Interphalangeal Scale and grading system proposed by the American Orthopaedic Foot and Ankle Society (AOFAS) was used to assess the result 8 (Table 1 ). The scoring system ranged from 0 to 100 points, incorporating both subjective and objective factors into numerical scales to describe pain, functional capacity, and hallux alignment.
All the patients had pre-and postoperative standing anteroposterior (AP) and lateral radiographs of the foot taken. The HV angle, first IM angle, tibial sesamoid position (TSP), and distal metatarsal articular angle (DMAA) 6 were measured to assess the correction of the deformities. The HV angle was defined as the angle formed by the bisection of 1st metatarsal axis and proximal phalanx axis ( Figure 5A ). Normal value was less than 15 . The first IM angle was defined as the line joining bisection of the first and the second metatarsal axis. The mean value was 8 . 9 "Haas" presented a classification scheme to quantify the degree of lateral movement of sesamoid apparatus. The TSP is determined by the location of tibial sesamoid relative to the bisection of the first metatarsal. The TSP was graded in 1e7 from medial to lateral positions. TSP 1 ¼ Sesamoid rests medially clear of the first metatarsal bisector; TSP 2 ¼ Sesamoid (lateral edge) touches the first metatarsal bisector; TSP 3 ¼ Sesamoid (lateral edge) overlaps the first metatarsal bisector; TSP 4 ¼ Sesamoid equally halved by the first metatarsal bisector; TSP 5 ¼ Sesamoid (medial edge) overlaps the first metatarsal bisector; TSP 6 ¼ Sesamoid (medial edge) touches the first metatarsal bisector; TSP 7 ¼ Sesamoid rests laterally clear of first metatarsal bisector. A normal TSP is position 3 and will increase with HV progression.
Because the distal segment was lateralised after osteotomy, the reference points to define the longitudinal axis need to be adjusted. To assess the correction of the HV angle and IM angle, the method described by Hiroski at el 10 was used in our review. In this method, a line drawn joining the centre of the first metatarsal head to the central proximal articular surface of the first metatarsal was used to define its longitudinal axis of the first metatarsal bone ( Figure 5B ).
Statistical analysis
Comparison of preoperative HV angle, first IM angle, and DMAA with those at the final follow-up was made with use of the paired Student t test. P value less than 0.05 was set as the cut off for the level of significance ( Figure 6 ). 
Results
There were a total of 20 patients (male: 2; female: 18) with 3 cases of bilateral involvement ( Table 2) . Thus 23 feet were available for the analysis. The mean age of the patients at the time of operation was 55.1 years (ranged 29e75 years) with male-to-female ratio was 1:9. The average follow-up time was 22 months (ranged 12e60 months).
For the bunion pain, all patients reported the disappearance or reduction of pain over the first metatarsal (MT) heads after the operation. Sixteen patients (18 feet; 78%) reported total disappearance of the pain, whereas eight patients (5 feet; 22%) had occasional pain. The mean overall pain score was 38 points of the 40-point maximum on the AOFAS Hallux-Metatarsophalangeal-Interphalangeal scale. The scoring for the functional capacity of the hallux (which assesses the activity limitation, footwear, metatarsophalangeal (MTP) joint motion, interphalangeal (IP) joint motion, joint stability, and callus) was averaged to 41 points. Eighteen of 23 patients can achieve 75 of the first MTP joint motion (from dorsiflexion to plantarflexion). In terms of the hallux alignment,16 patients (17 feet) gained full marks. Mild asymptomatic mal-alignment was noted in 6 patients (6 feet). There was no patient with recurrence of HV. The overall mean score for hallux alignment was 13.0 points.
Using the AOFAS Hallux Scale (total 100 points), a mean improvement of total score from 53 points to 92 points was achieved in the 23 feet operated. Except one foot with fair result, all the rest of the patients (95.7%) had excellent to good to excellent result.
Radiologically, the mean HV angle improved from 31 preoperatively to 16 postoperatively (p < 0.05). The mean first IM angle improved from 17 to 7.7 (p < 0.05). The mean DMAA decreased from 16 to 9.7 (p < 0.05). The results were statistically significant according to the paired Student t test (Table 3) . Concerning the TSP, 11 patients were found to have improvement. Nine patients had no change in TSP. We cannot draw conclusive results on 3 patients (Patient 6, Patient 14, and Patient 15) whose TSPs were deviated from one extreme position to other postoperatively.
Complications
There were 3 cases of mild pin tract infection, which resolved with a course of oral antibiotics. Two patients had accidentally pulled out the K-wire during sleeping and one of them required revision operation. The other patient had backed out the K-wire at the 3 rd week postoperatively that was removed without revision surgery. Strapping was used to hold and maintain the correction. The osteotomy was transverse and had some intrinsic stability. There was uneventful bone healing and re-displacement did not occur. Two patients had transient mild reflex sympathetic dystrophy of the feet during the early follow-up and it resolved with rehabilitation training. There was no non-union or avascular necrosis of the metatarsal head noted. Up to the latest follow-up, there was no case with overcorrection or recurrence of the HV beyond the normal limit (i.e. HV angle > 15e20 ).
Discussion
Percutaneous distal first metatarsal osteotomy was first introduced by Bösch et al in 1984. 7 A long-term follow-up report of 114 patients showed satisfactory correction of the HV and the IM angles without complications like hallux varus, pseudoarthrosis or orosteonecrosis. Portaluri 11 used the method of Bösch to correct HV and reported 89% patients were fully satisfied with their results. Several features of this procedure were highlighted which including short operating time, low incidence of complications, and high patient compliance. Magnan et al 12 also found 91% patient-satisfaction rate E  40  40  15  36  18 30  3  14  14 8  3  5  R  28  37  88  G  40  40  8  36  18 30  3  16  14 14  3  6  F  31  R  42  47  93  E  40  45  8  30  12 16  2  20  10 14  5  7  F  52  R  24  37  93  E  40  45  8  30  16 18  3  24  8  10  4  8  F  75  L  36  62  68  F  30  35  8  38  16 18  3  2  4  4  4  Fair result  9  R  62  95  E  40  35  15  38  18 12  6  12  10 4  4  10  F  62  L  36  75  100  E  40  45  15  30  20 24  3  8  4  8  2  11  F  48  R  36  60  95  E  40  40  15  25  15 8  6  16  6  16  4  12  F  29  L  28  44  100  E  40  45  15  30  15 14  3  20  4  2  3  RDS  13  F  69  L  24  52  85  G  30  40  15  25  18 16  4  10  10 16  4  14  F  65  L  20  47  100  E  40  45  15  32  18 24  1  18  4  16  4  15  R  47  100  E  40  45  15  38  20 14  1  22  12 10  5  16  M  53  L  24  39  100  E  40  45  15  30  20 12  2  18  14 14  4  17  F  52  L  17  47  85  G  30  40  15  30  13 10  2  16  4  2  4  18  F  62  R  14  67  80  G  30  42  8  26  20 18  2  14  14 16  3  19  F  35  R  13  60  90  E  40  35  15  32  18 16  4  16  6  12  4  20  F  59  R  13  70  85  G  30  40  15  32  17 6  4  8  4  6  4  Back out & re-insertion  21  F  54  L  12  60  90  E  40  40  15  35  13 25  5  10  4  14  3  Back out 3 wk  22  F  54  L  12  60  100  E  40  45  15  40  16 4  6  20  6  4  3  23  F  60  R  12  70  90  E  40  35  15  22  20 20  5  14  6 The risk of avascular necrosis was not high if one followed the proper surgical technique. Using small malleable retractors, the surrounding periosteal soft tissue was protected. Because the lateral release was not done, the blood supplied to the metatarsal head would be preserved.
Pronation of the hallux was indirectly corrected manually using this procedure. The sesamoid position also indirectly restored during derotation of the pronated hallux and lateral displacement of the distal metatarsal head segment after the osteotomy. The use of bandaging was also helpful to maintain the hallux correction.
Being a transverse osteotomy with little soft tissue dissection, the osteotomy site is intrinsically stable. Thus a less rigid fixation device would suffice to maintain the correction. The application of Kapandji intra-focal type of K-wire fixation in this study was able to maintain the bony alignment, while permitting early protective walking. The other advantages of the procedure include the fixation implant, which is less costly and can be removed in outpatient setting.
The possible reasons for correction of DMAA are due to rotation of the distal MT head segment in the frontal plane by a couple of forces created during the surgical procedure. While attempting to insert the K-wire in retrograde manner, we have to deviate the big toe to varus position. As the lateral collateral ligament was intact and not disturbed by surgery, an indirect couplying force will be generated to derotate the MT head. Derotation effect of the lateral force will be facilitated by relaxation of the adductor muscle pull secondary to lateral translation of the osteotomy MT head segment. The derotated distal segment will be maintained by the splintage of the K-wire on the medial side.
AOFAS Hallux Scale was commonly used to evaluate clinical outcome of HV surgery. Grading was based on the total score on pain, functional capacity, and hallux alignment. The mean scores after open techniques range from 83 points to 93 points 13À15 . Magnan et al reported the mean score of 88.2 points 12 . The average score for the twenty patients in our study was 91.8 points. Ninetysix percent of our series had good-excellent result. One foot with fair result (Patient 8) may be because of a combination of factors including pain from mild degenerative changes over the first metatarsophalangeal joint (MTPJ) and postoperative joint stiffness with loss of joint motion.
Magnan et al observed 2.5% recurrence rate and no hallux varus. Bosch did not encounter recurrence. In contrast, recurrence rate in open techniques with soft tissue procedures was up to 10% 14, 16, 17 . In our study, there was no overcorrection or recurrence of the HV deformity.
We agreed that the HV and IM angle improvement was not universally good in this series when compared with the functional scores. The main advantage of this operation was minimal softtissue trauma and extra-articular osteotomy without bunionectomy. The pain relief and joint mobility were much better when compared with open surgery. This may explain why there was discrepancy in X-ray improvement and functional results.
Because for the radiological improvement, we admitted that there was no good way to predict the exact correction that could be achieved after the transverse osteotomy. Further study to find a more predictable radiological correction can be obtained intraoperatively in future.
Concerning radiological parameters, inter and intra observer variances are quite common in the measurement of HV angle and IM angle. This is especially true when the X-ray film taking was not truly standardized. Some literature would take the upper limit of normal HV angle as 15e20 instead of strictly 15 .
Although there was not much controversy on the method of measurement of preoperative HV angle and IM angle, no consensus could be made on the radiological measurement on postoperative radiological measurement after distal metatarsal osteotomy. Inter and intra observer differences were much higher compared with preoperative X-ray measurement. A figure of AE5 for the HV angle and AE4 for the IM angle was being quoted. For the above reasons, we accepted the normal limit of the HV angle up to 15e20 and IM angle 9e13 .
One drawback of this procedure was that the exact degree of correction could not be precisely determined preoperatively when compared with other distal metatarsal osteotomy techniques. Furthermore, there is concern of the maintenance of correction by single K-wire. From this retrospective review, it showed that our clinical results were comparable with other series. The result of this operation is reproducible.
In conclusion, this study demonstrated that minimal invasive distal metatarsal osteotomy with K-wire stabilisation under fluoroscopic guidance offered a reliable, reproducible, simple, safe, and cost-effective way of treating mild-to-moderate HV deformity. 
